Pegfilgrastim is a pegylated form of the granulocyte-colony stimulating factor, filgrastim. Herein, we report the results of a multicentre, randomized, double-blind phase III trial comparing the efficacy and safety of pegfilgrastim with filgrastim in patients with malignant lymphoma. Patients were randomized to receive either a single subcutaneous dose of pegfilgrastim or daily subcutaneous doses of filgrastim on day 4 after the completion of cyclophosphamide, cytarabine, etoposide and dexamethasone AE rituximab (CHASE(R); day 1-3) chemotherapy. The primary endpoint was the duration of severe neutropenia (DSN), defined as the number of days with neutrophil count <0Á5 9 10 9 /l in the first cycle of chemotherapy. A total of 111 lymphoma patients were randomized to either the pegfilgrastim or filgrastim group. 109 patients received either pegfilgrastim (n = 54) or filgrastim (n = 55). Efficacy data were available for 107 patients (pegfilgrastim: n = 53, filgrastim: n = 54). Both groups were well balanced in terms of gender, age, performance status and other variables. The mean DSN (AES.D.) was 4Á5 (AE1Á2) and 4Á7 (AE1Á3) d in the pegfilgrastim and filgrastim groups. No significant difference in safety was observed. This trial verified the non-inferiority of a single subcutaneous dose of pegfilgrastim compared with daily subcutaneous doses of filgrastim, considering DSN as an indicator.
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Febrile neutropenia (FN) is a condition characterized by the development of fever in patients with neutropenia. A longer duration of neutropenia is associated with a greater risk for FN (Bodey et al, 1966) . Salvage chemotherapy is used to treat patients with malignant lymphoma who do not achieve a complete response or who experience recurrence after initial chemotherapy. These salvage chemotherapies often cause long-lasting severe neutropenia, resulting in an increased risk for FN. In severe cases of FN, patients may also develop sepsis, pneumonia or infection foci, such as cellulitis. Approximately 10% of patients admitted with FN are reported to have serious complications leading to death (Kuderer et al, 2006) . The risk for FN associated with intensive chemotherapy can be mitigated by reducing chemotherapeutical doses or extending dosing intervals. However, these measures reduce the relative dose intensity (RDI) of chemotherapy, which may lead to reduced survival rates. Granulocyte-colony stimulating factor (G-CSF) is therefore used to reduce the risk of FN. In a systematic review, Kuderer et al (2007) reported that prophylactic use of G-CSF led to a reduced incidence of infection-related mortality, early mortality and FN, as well as improved average RDI. The American Society of Clinical Oncology, the National Comprehensive Cancer Network (NCCN), the European Organization for Research and Treatment of Cancer and the Japan Society of Clinical Oncology have established guidelines that recommend the prophylactic use of G-CSF in accordance with the risk of onset of chemotherapy-induced FN and patient-specific risk factors (Smith et al, 2006; Aapro et al, 2011; Japan Society of Clinical Oncology 2013; NCCN 2014) .
Pegfilgrastim is a pegylated form of filgrastim. A previous randomized, double-blind trial demonstrated the non-inferiority of pegfilgrastim compared with daily filgrastim in breast cancer patients who had received chemotherapy (Green et al, 2003) , with the duration of severe neutropenia (DSN) as an indicator. In Japan, a study to determine the dose of pegfilgrastim was conducted in patients with malignant lymphoma using DSN as an endpoint (Miyazaki et al, 2013) . Here, we report the results of a double-blind study in Japanese patients with malignant lymphoma that was conducted to demonstrate the non-inferiority of a single-dose pegfilgrastim to daily filgrastim during CHASE(R) (cyclophosphamide, cytarabine, etoposide and dexamethasone AE rituximab) chemotherapy, with DSN as an endpoint.
Patients and methods

Eligibility criteria
The inclusion criteria were as follows: age ≥20 years, diagnosis of non-Hodgkin lymphoma (NHL) or Hodgkin lymphoma (HL), receiving CHASE(R) chemotherapy, Eastern Cooperative Oncology Group performance status 0-2, absolute neutrophil count (ANC) ≥1Á0 9 10 9 /l, platelet count ≥ 75 9 10 9 /l, total bilirubin level ≤1Á5 times the upper normal limit in each institute and creatinine level ≤132Á6 lmo/l. The exclusion criteria were as follows: history of three or more regimens of salvage chemotherapy, history of radiation therapy within 4 weeks prior to enrolment, history of bone marrow or haematopoietic stem cell transplantation, or presence of multiple primary cancers requiring treatment. The study protocol was approved by the institutional review board at each trial site. Informed consent was obtained from all patients prior to study initiation.
Study design
This was a phase III, multicentre (47 sites), double-blind, randomized trial conducted in Japan. Patients were stratified by trial site and age (<65 or ≥65 years), and then randomized to receive either pegfilgrastim or filgrastim at a 1:1 ratio (Fig 1) .
Procedures
The CHASE(R) chemotherapy consisted of intravenous doses of cyclophosphamide on day 1 (1200 mg/m 2 ), etoposide and dexamethasone on days 1-3 (100 mg/m 2 and 40 mg, respectively) and cytarabine on days 2-3 (2000 mg/m 2 ). The dose of dexamethasone was reduced if clinically indicated. The dosing schedule and dosage of rituximab were not specified in the protocol. Pegfilgrastim and filgrastim were both supplied as clear, colourless solutions and identical placebos were provided for each study drug. On day 4 of cycle 1 (≥24 h after chemotherapy), patients in the pegfilgrastim group received 3Á6 mg pegfilgrastim plus a filgrastim placebo subcutaneously, followed by once-daily doses of the filgrastim placebo from day 5 onward. The patients in the filgrastim group received the pegfilgrastim placebo plus filgrastim at 50 lg/m 2 on day 4, followed by daily filgrastim at 50 lg/ m 2 from day 5 onward. Administration of filgrastim was continued until the neutrophil count returned to ≥0Á5 9 10 9 /l. The pegfilgrastim dose (3Á6 mg) was based on the results of a phase II trial of CHASE(R) chemotherapy in Japanese patients. After enrolment, patients were not allowed to receive radiation therapy until the end-of-trial examination. The use of anti-cancer chemotherapy other than CHASE(R), as well as the use of any other G-CSF or macrophage-colony stimulating factor, was also prohibited. The use of corticosteroids was limited to topical application and treatment of adverse events (AEs).
Complete blood count was measured before administration of the study drug regimen on days 1 and 4, and daily thereafter until the neutrophil count recovered to ≥1Á0 9 10 9 /l.
Efficacy and safety measurements
The primary endpoint was DSN, defined as the number of days with neutrophil count <0Á5 9 10 9 /l in the first cycle of CHASE(R) therapy. The secondary endpoints were duration of neutropenia (DN), defined as the number of days with ANC <1Á0 9 10 9 /l, ANC nadir and incidence of FN. FN was defined as an axillary temperature of 37Á5°C and ANC <0Á5 9 10 9 /l, according to the definition of FN in Japanese guidelines of antimicrobial use (Masaoka, 2004) . Safety assessments were based on AE reports, abnormal laboratory values and vital signs. AEs were defined by the Japanese version of the Medical Dictionary for Regulatory Activities and graded according to the National Cancer Institute Common Toxicity Criteria (version 4.0) (Japan Clinical Oncology Group 2010).
Data sets and statistical analysis
The target sample size was determined to be 47 patients per group, based on the ability to detect a statistically significant difference with a power of 80% and a onesided significance level of 2Á5% using the Student's ttest, a non-inferiority margin of 1Á0 d, and a standard deviation of DSN in the filgrastim group of 1Á7 d based on previous results (unpublished data). We also expected approximately 10% of patients to discontinue or withdraw from the study. Thus, the target sample size was set at 52 patients per group (104 patients in total).
Efficacy was primarily analysed using the Per Protocol Set (PPS) and additionally using the Full Analysis Set (FAS). Analysis of the primary endpoint was performed using the Student's t-test, with a one-sided significance level of 2Á5% with respect to a non-inferiority margin of 1 d. The P-value was calculated based on the test statistic obtained as a result of adding 1 d, the non-inferiority margin, to the mean value of DSN in the filgrastim group. Safety was analysed for all patients treated with the study drug. A safety analysis was conducted based on the number of patients with AEs or adverse drug reactions in each group.
All analyses were performed using the SAS software (version 9.2; SAS Institute Inc., Cary, NC).
Results
Patients
One hundred and eleven patients were randomized between February and December 2011, one patient from each group withdrew from the study before study drug administration due to rapid aggravation of the primary disease. The remaining 109 patients (pegfilgrastim group: 54, filgrastim group: 55) were included in the FAS and safety evaluation. Of 109 patients, 107 (pegfilgrastim group: 53, filgrastim group: 54) were included in the PPS after excluding one patient in the pegfilgrastim group, who had a neutrophil count >0Á5 9 10 9 /l at the time of discontinuation, and one patient who received an overdose of filgrastim (150 lg instead of 80 lg) at day 4 and was excluded from PPS. This patient was included in the original FAS and safety analysis set. A flow chart of patient allocation is shown in Fig 2. The background characteristics of the patients treated with the study drug are summarized in Table I . The overall demographics were well balanced between the two groups. The number of male and female patients was 35 and 18 in the pegfilgrastim group, and 31 and 23 in the filgrastim group, respectively. The median age (range) in the pegfilgrastim and filgrastim group was 61Á0(28-74) years and 60Á5 (24-79) years and the mean body weight (AESD) was 60Á85 (AE11Á01) kg and 61Á94 (AE15Á29) kg, respectively. The number of patients with NHL as the primary disease was 50 (94Á3%) in the pegfilgrastim and 50 (92Á6%) in the filgrastim group. The number of patients with HL as the primary disease was 3 (5Á7%) in the pegfilgrastim group and 4 (7Á4%) in the filgrastim group. The mean (AESD) number of doses of filgrastim was 11Á0 (AE1Á3). One patient had a cancer (hepatocellular carcinoma) other than the primary disease, which did not require treatment at the time of study. 
Efficacy
The mean (AESD) of the primary endpoint (DSN) was 4Á5 (AE1Á2) d in the pegfilgrastim group and 4Á7 (AE1Á3) d in the filgrastim group (P < 0Á001), demonstrating the noninferiority of pegfilgrastim to filgrastim (Table II) . The time course of the neutrophil count is shown in Fig 3. The neutrophil count reached its peak on the day after the start of study drug administration and day 5 for pegfilgrastim and filgrastim, respectively. The peak of the nadir was between days 8 and 10 for both groups and then returned to ≥1Á0 9 10 9 /l by day 16 in all patients.
The mean (AESD) DN, a secondary endpoint, was 5Á2 (AE1Á3) d in the pegfilgrastim group and 5Á1 (AE1Á3) d in the filgrastim group. The mean (AESD) neutrophil count at the nadir was 0Á013 (AE0Á026) 9 10 9 /l and 0Á017 (AE0Á055) 9 10 9 /l, and the incidence of FN was 56Á6% (30/53) and 55Á6% (30/54) in the pegfilgrastim and filgrastim groups, respectively. The efficacy end points using the FAS are shown in Table SI .
Safety
All patients suffered AEs, most of which were related to the chemotherapy regimen. Two patients died; one patient in the pegfilgrastim group due to a malignant neoplasm and one patient in the filgrastim group due to septic shock. Both events were determined to be unrelated to the study drug.
Other serious AEs included pneumonia and bacterial gastritis in one patient each in the pegfilgrastim group and gastrointestinal haemorrhage in one patient in the filgrastim group.
The bacterial gastritis event in the pegfilgrastim group was diagnosed as acute gastritis based on the endoscopic findings of extensive mucosal inflammation. AEs were reported in ≥10% patients and are shown in Table III . Of 54 patients in the pegfilgrastim group, platelet count decreased in 53 (98Á1%) patients, neutropenia developed in 52 (96Á3%) patients and haemoglobin level decreased in 23 (42Á6%) patients. Vomiting was the AE more frequently reported in the pegfilgrastim group (8 patients, 14Á8%) than in the filgrastim group (1 patient, 1Á8%). One case of grade 1 vomiting occurred in the pegfilgrastim group at the same day of pegfilgrastim administration and recovered in the same day. Except for this case, in the pegfilgrastim group, most cases of vomiting were related to the chemotherapy regimen and assessed as unrelated to the study drug. None of the other AEs were reported to be significantly higher in frequency in the pegfilgrastim than in the filgrastim group.
The use of G-CSF is known to be associated with back and bone pain, as the typical adverse drug reactions. Back pain was observed in 12 (22Á2%) patients in the pegfilgrastim group and 16 (29Á1%) patients in the filgrastim group. Bone pain was observed in no patient in the pegfilgrastim group and 5 (9Á1%) patients in the filgrastim group. All these events were grade 2 or lower in severity. No safety issue was identified in the patient given an overdose of filgrastim.
Neither anti-pegfilgrastim nor anti-filgrastim antibodies were detected in either group.
Discussion
The NCCN guideline (Version 1.2014) recommends the use of chemotherapy regimens, such as dexamethasone, cytarabine and cisplatin (DHAP) and rituximab, etoposide, methylprednisolone, cytarabine and cisplatin ((R)ESHAP), for the treatment of recurrent or refractory NHL (NCCN 2014) . The guideline also recommends the use of G-CSF during these chemotherapy regimens due to its strong myelosuppressive effect and the associated increase in the FN risk. In addition to these regimens, a highly intensive chemotherapy regimen, referred to as CHASE(R), is also used in Japan (Ogura et al, 2003) . The CHASE(R) regimen is highly effective for the treatment of recurrent or refractory NHL, with an overall response rate of 84%. At the same time, the regimen is reported to be highly myelosuppressive and associated with a 78% risk of causing FN (Oki et al, 2008) . In Japan, G-CSF is administered daily during these chemotherapies when treatment-related neutropenia is decreased. However, the daily use of G-CSF places a significant burden on patients and their families due to the daily visit to hospital. It also puts some burden on medical staff. These burdens may be reduced by replacing filgrastim by pegfilgrastim, which is administered only once per chemotherapy cycle.
In a randomized, open-label study of NHL and haemodialysis patients, Vose et al (2003) demonstrated the non-inferiority of pegfilgrastim to filgrastim (33 patients per group) in terms of DSN following the ESHAP regimen. In a randomized, open-label study in elderly NHL patients, Grigg et al (2003) demonstrated the non-inferiority of pegfilgrastim to filgrastim in terms of DSN (13 and 14 patients, respectively) following cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP) chemotherapy, despite higher rates of bone marrow involvement (29% vs. 0%) and prior chemotherapy (43% vs. 15%), together with a higher proportion of patients with stage IV disease (57% vs. 31%). The current phase III, double-blind, randomized trial conducted in Japan demonstrated the non-inferiority of a single subcutaneous dose of pegfilgrastim to daily subcutaneous doses of filgrastim in reducing duration of severe neutropenia following myelosuppressive chemotherapy. The incidence of FN was comparable in the pegfilgrastim and filgrastim groups (56Á5% vs. 55Á6%), with the neutrophil count returning to ≥1Á0 9 10 9 /l by day 16 in all patients. In the current trial, FN, a secondary endpoint, was defined as an axillary temperature of 37Á5°C and ANC <0Á5 9 10 9 /l, which is different from the definition of AEs by the CTCAE. Due to higher threshold of body temperature in CTCAE criteria (38Á3°C), the incidence of investigator-reported FN was higher than FN rate calculated for the secondary endpoint. In terms of safety, most AEs were related to the chemotherapy regimen and no new safety concerns were identified. No significant difference was found in the incidence of AEs or adverse drug reactions between the groups. No clinically significant changes were observed in laboratory parameters or vital signs. No significant increase in the incidence of bone and back pain, which are G-CSF-related adverse drug reactions, was observed with pegfilgrastim or filgrastim. These observations confirm that single-dose pegfilgrastim is as effective as daily filgrastim in reducing DSN during a highly myelosuppressive chemotherapy regimen, allowing safe administration of chemotherapy. Though the possibility remains of introducing bias in the analysis data of the PPS, which is the primary analysis set in this study, comparison of the analysis results of the FAS and PPS revealed that the both data were not largely different from each other. In conclusion, the present results suggest that a single subcutaneous dose of prophylactic pegfilgrastim per chemotherapy cycle is safe and effective in reducing DN and risk of FN in Japanese patients. The reduction in dosing frequency, as compared to daily G-CSF, leads to a reduction in visit frequency for patients and their families, as well as a reduced workload for the medical staff.
